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PASS-THROUGH GAGE AND METHOD OF GAGING A WORKP1ECE 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims, under 35 U.S.C. 119(e), the benefit of U.S. 
provisional patent application number 60/523,027 filed on November 18, 2003. 

BACKGROUND 

1 . Technical Field of the Invention 

[0002] The present invention generally relates to the gaging of workpieces 
and more particularly to a gage designed to measure multiple diameters on a 
workpiece without the need for special part fixturing. As such, it is particularly useful 
as a post-process gage after a workpiece has been ground in an infeed centerless 
grinding process or other grinding process. 

2. Related Technology 

[0003] Numerous high precision components must be gauged to determine if 
their dimensional tolerances fall within an acceptable range prior to release to the 
end customer. An example of one such part is the hydraulic spool valves found in 
automotive transmissions. These spool valves are generally cylindrical in shape and 
include a series of raised and recessed lands formed thereon. The dimensions of 
these raised lands are critical since the valves slide within precisely dimensioned 
bores within the transmission assembly itself. If the lands are not properly 
dimensioned, performance of the transmission assembly may suffer or the 
transmission assembly may fail. Since a specific spool valve would be utilized in a 
large number of vehicles, should the manufacturing line machining these spool 
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valves be in error, the end result is a large number of defective transmission 
assemblies. 

[0004] In order to minimize the likelihood of a machining operation 
deteriorating to a point where the spool valves are out of compliance with the 
required dimensional tolerances, the current practice is to individually gage each and 
every spool valve. In gaging these parts, the spool valve is delivered to a gage 
assembly where the workpiece is fixtured and, then, an analysis of its dimensions is 
performed. After gauging, the spool valve is removed from the fixture and either 
passed through to an accepted parts bin or a rejected parts bin. if a series of parts 
deviating from the desired dimension are found to exist from a particular grinding 
station, then the grinding station can be identified for appropriate adjustment 
(automatic or manual) or for repairs. 

[0005] Obviously, the individual fixturing and gaging of every workpiece is a 
time consuming and expensive proposition. 

[0006] In view of the above there exists a need for a gage assembly where 
special fixturing of the workpiece is not required and wherein the cycle time in which 
to gage the workpiece is reduced. 

SUMMARY 

[0007] In overcoming the limitations of the known technology, the present 
invention provides a gage where the workpiece enters the gage via an indined 
chute, allowing the workpiece to slide along the chute by gravity or other means. 
Upon entering the gage, the workpiece comes to a rest on a shallow V-block. At this 
point the workpiece is detected by a proximity sensor located at the low end of the 
V-block. A part handling slide, with approximately shaped soft tooling, pushes or 
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pulls the workpiece laterally from the V-block and passes the workpiece through the 
gage. The workpiece is continuously moved or passed through the gage by the 
slide. As the workpiece is being passed through the gage, readings of the 
workpiece's diameter in one or more, and preferably at least two, locations are 
taken. 

[0008] The gage itself includes carbide rails provided at two locations under 
the part. The locations are chosen to support the part near each end. A gage block 
subassembly is spaced above and may be located so as to oppose the rails at each 
location. Each gage block subassembly includes a pivoting contact backed by a 
common pencil probe. The gage block subassembly produces diameter readings at 
each location as the workpiece passes between the rails and thereby contacts and 
affects displacement of the contact and the probe. Peak values at each location are 
recorded by the software in the gage electronics to determine the desired attributes 
of the workpiece. 

[0009] The gage fixture itself includes two or more of the gage block 
subassemblies located opposite the support rails. The gage block subassemblies 
are assembled into the fixture at the desired locations with a series of appropriately 
sized shims that are sized and spaced to create a gage assembly that matches the 
geometry or desired location of measurement of the workpiece. These same shims 
also support a pivot shaft that is common to all of the pivoting contacts of all the 
gage block subassemblies. The entire stack of shims and gage block 
subassemblies are held together by drawbolts that pass through the assembly from 
end plates located at each end of the stack. The end plates could also support the 
carbide rails. 
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[0010] Each gage block subassembly has an adjustable spring to set the 
force exerted by the contact to a value that stabilizes the workpiece precisely as it is 
passed through the gage. With the part so stabilized, it is also possible to place, as 
suggested above, additional gage block subassemblies at locations other than those 
directly opposing the rails. These additional gage block subassemblies will also 
generate useful diameter readings that may be used to verify the amount of taper, 
hourglass, or barrel profile that may exist along the part. It is noted that this can only 
be achieved by assuming certain attributes of the workpieces processed by the 
grinding process. Specifically, the runout and out of round values must be small in 
relationship to the diameter tolerance being measured. 

[0011] The gages located at some distance from either of the two support rails 
are actually measuring the radial distance from the true centerline of the part as it 
sits on the rails. Because of this, the gage electronics must compensate these 
readings by a factor generated from the geometric information obtained by the two 
gages opposing the support rails. For instance, if both support diameters fall near 
the minimum workpiece size tolerance, the actual centerline of the workpiece will 
pass through the gage at a height lower than that of a mean sized part by an amount 
equal to half of this tolerance. All the gages that have no support rail under them 
must be compensated by this amount to arrive at a true reading. The gage 
electronic software can readily accomplish this task if the accuracy of the application 
requires it 

[0012] Further objects, features and advantages of this invention will become 
readily apparent to a person skilled in the art after a review of the following 
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description, with reference to the drawings and claims that are appended to and 
form a part of this specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 is a perspective view of a gage assembly embodying the 
principles of the present invention; 

[0014] Figure 2 is a top plan view of the gage assembly illustrated in Figure 1 ; 
[0015] Figure 3 is a partial perspective view of the gage assembly illustrated 
in Figure 1 and showing a workpiece in an initially received position prior to entering 
into the gaging areas of the assembly; 

[0016] Figure 4 is a perspective view, similar to that of Figure 3, illustrating the 
workpiece having been moved into a gaging position within the gage assembly; 
[0017] Figure 5 is a partial side view of the gage assembly illustrated in Figure 
4; 

[0018] Figure 6 is a partial perspective view, similar to Figures 3 and 4, 
illustrating the workpiece having been completely moved through the gage 
assembly; 

[0019] Figure 7 is a partial side elevational view of the gage assembly 
illustrated in Figure 6; and 

[0020] Figure 8 is an enlarged side elevational view of a gage block 
subassembly similar to those illustrated in Figures 3-7; 

[0021] Figure 9 is a perspective view of the part handling slide and support 
rails, with a workpiece resting thereon, with the remainder of the gage assembly 
being omitted for clarity. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] Referring now to the drawings, seen in Figures 1 and 2 is a gage 
assembly embodying the principles of the present invention and generally 
designated at 10. The gage assembly 10 includes as its primary components a part 
handling slide 12 and an actuator 14. The actuator 14 and part handling slide 12 
cooperate with each other to cause movement of a workpiece 16 through a pair of 
gage block subassemblies 18 where readings of the workpiece's diameter in one or 
more, and preferably at least two, locations is taken. 

[0023] For simplicity in the figures, the workpiece is at times only illustrated as 
a cylindrical workpiece. Such a depiction of the workpiece 16 is seen in Figure 2. At 
other times, the workpiece 16 is depicted as a spool valve having a series of raised 
lands 20 and recessed lands 22. In that the dimension of the raised lands 20 is 
critical to the operation of the spool valve 16, the diameter of the raised lands 20, 
preferably of least two of the raised lands 20, is the critical dimension measured by 
the gage assembly 10. Additionally, in certain figures portions of the gage assembly 
10 is omitted for clarity. 

[0024] The workpiece 16 is provided to the gage assembly 10 by a workpiece 
delivery means such as an inclined chute allowing the workpiece 16 to slide, under 
the influence of gravity, to the gage assembly 10. At the gage assembly 10, the 
workpiece 16 is received into a vee-block 24. As per its name, the vee-block 24 has 
defined therein a shallow recess 26 that is in the shape of a V. Obviously, the 
recess 26 may be provided with alternative shapes. The recess 26 extends the 
width of the vee-block 24 and may be inclined along its length, from one end of the 
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recess 26 to the other, so as to insure that the workpiece 16 is fully received onto 
the upper surface 28 of the vee-block 24. 

[0025] Also provided in the vee-block 24 are at least two supports 30. The 
location of the supports 30 are preferably chosen so that they support the workpiece 
16 near the ends thereof. Additionally, the supports 30 define the locations in which, 
at a minimum, measurements of the workpiece 16 will be taken. 
[0026] The supports 30 themselves are in the form of rails received in 
mounting blocks, and the rails are preferably constructed of a material exhibiting 
extremely low wear characteristics. One preferred material is carbide. Additionally, 
the uppermost surface of the supports 30 are provided such that these surfaces of 
the supports 30 are elevated relative the upper surface 28 of the vee-block 24. This 
is readily seen in Figures 5 and 7. 

[0027] As previously mentioned, the part handling slide is constructed of a 
soft tooling, for example polyethylene, and is coupled to the actuator 14 so as to be 
moveable in a direction generally transverse to the length or longitudinal axis of the 
recess 26 formed in the vee-block 24. Thus, the direction of movement of the part 
handling slide 12 is in the direction of the longitudinal axis of the supports 30, which 
is transverse to the longitudinal axis of the workpiece 16. The part handling slide 12 
rests generally above or on the upper surface 28 of the vee-block 24 and is 
moveable thereacross as a result of the advancement of the connector rods 32 of 
the actuator 14. The actuator 14 may be any variety of actuator heretofore or 
hereafter devised. As illustrated, the actuator 14 is a pneumatic actuator coupled to 
a pneumatic source 34 via a coupling line 36. In addition to advancing the part 
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handling slide 12, the actuator 14 similarly causes retraction of the part handling 
slide 12 as is conventionally known to be done. 

[0028] Upon receipt of a workpiece 16 within the end of the recess 26 of the 
vee-block 24, the receipt of the workpiece 16 is detected by a proximity sensor 38 
appropriately positioned with respect to the end of the recess 26 in the vee-block 24. 
The proximity sensor 38 provides a signal indicating the presence of a workpiece 16 
to a controller 40, which in turn causes advancement of the actuator and the part 
handling slide 12 via the pneumatic source 34. With advancement of the part 
handling slide 12, the leading edge 42 of the slide 12 engages the workpiece 16 and 
laterally moves the workpiece 16 out of the recess 26 of the vee-block 24. This 
advancement causes the workpiece 16 to move out of the recess 26 and onto the 
upper surfaces of the supports 30 and subsequently it is advanced between the 
supports 30 and the gage block subassemblies 18. 

[0029] The gage block subassemblies 18 are located opposite of the supports 
30, as mentioned above, and are provided as such through the use of appropriately 
sized shims and spacers 44. In this manner, the location of the gage block 
subassemblies 18 matches the geometry or desired locations of measurement of the 
workpiece 16. In order to locate the gage block subassemblies 18 and shims and 
spacers 44, the entire stack of gage block subassemblies 18, shims and spacers 44 
are held between end plates 46 extending upward from a base 48 of the gage 
assembly 10. As readily seen in Figures 2-4, and 6, drawbolts 50 facilitate this 
holding of component and pass through the gage block subassemblies 18, shims 
and spacers 44, as well as the end plates 46 themselves. The vee-block 24 and 
supports 30 may additionally be held in position by the end plate 46. 
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[0030] Each gage block subassembly 18 includes a contact 52 backed by a 
probe 54, such as a common pencil probe. The contact 52 is supported on a pivot 
arm 56 through which is provided a pivot shaft 58. The pivot shaft 58 extends 
through and is common to all of the gage block subassemblies 18, as well as the 
shims and spacers 44, and is supported in the end plate 46. As best seen in Figure 
8, each gage block subassembly 18 is provided with an adjustment spring 60. The 
purpose of the adjustment spring 60 is to set and provide precise adjustment of a 
contact force exerted by the contact 52. This contact force is adjusted to a value 
that stabilizes the workpiece 16 as it enters and passes through the gage. Such 
adjustment springs 60 are well known in the industry and therefore further detail 
regarding its construction is not provided herein. In addition to the adjustment spring 
60, the gage block subassemblies 18 may also include stop pins 62, 64, whose 
positions define the limits of travel of the pivot arm 56 on the pivot shaft 58. 
[0031] Upon exiting of the recess 26, the workpiece rides up onto the upper 
surface of the supports 30 and enter beneath the gage block subassemblies 18, 
where the top most portion of the workpiece engages the contact 52 of each gage 
block subassembly 18. In response thereto, the pivot arm 56 is caused to pivot and 
the probe 54 detects this movement and produces diameter readings as the 
workpiece 16 passes between the supports 30 and the contacts 52. Software 
provided in a personal computer or other appropriate device records the peak values 
at each measured location and determines the desired attributes of the workpiece 
16, including, without limitation, the diameter of the workpiece 16 at each of the 
investigated locations. In order to prevent any movement of the probes 54, the 
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probes 54 are rigidly supported in a fixed and immoveable subframe 66 of the gage 
block subassembly 18. 

[0032] As seen in Figures 4 and 5, the workpiece 16 has been moved by the 
part handling slide 12 to a location where the workpiece 16 is located on the 
supports 30 and is immediately beneath the contacts 52 of the gage block 
subassemblies 18. The workpiece 16 is thereafter moved by the part handling slide 
12 such that it has proceeded from one side (the entry side) of the contact 52 to the 
other side (the exit side) of the contact 52. This latter positioning of the workpiece 
16 is generally illustrated in Figures 6 and 7. At this point the measurements of the 
workpiece 16 have been taken and the workpiece is thereafter provided onto a part 
handling outfeed conveyor or other means for transporting the workpiece 16 from 
the gage assembly 10. The part handling conveyor may include a construction 
allowing for workpieces 16 not meeting the dimensional tolerances to be rejected to 
a discarded or scrap parts bin. 

[0033] While only two gage block subassemblies 18 are illustrated in the 
various drawings, it will be readily appreciated that additional gage block 
subassemblies 18 can be provided in the gage assembly 10 at locations other than 
immediately above the supports 30. In such instances, the additional gage block 
subassemblies 18 can generate radial readings that may be used to estimate a 
diameter or to verify any profiles, such as taper, hourglass or barrel, that may exist 
along the length of the part. Alternatively, two gage block subassemblies 18 may be 
provided in an opposed fashion. 

[0034] In the illustrated figures, while the workpiece 16 is shown in three 
locations, namely within the recess 26 of the vee-block 24; immediately between the 
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contact 52 and support 30 and at a point of discharge from the gage assembly 10, it 
should be understood that the movement of the workpiece 16 through the gage 
assembly 10 is of a continuous motion. In other words, the workpiece is always 
moved through the gage assembly 10 and does not discretely stop at any point in 
the gage assembly other than its receipt in the recess 26 of the vee-block 24 prior to 
advancement by the part handling slide 12. By continuously moving and 
dynamically gaging the workpiece 16, faster cycle times for workpieces 16 can be 
achieved over prior art gage assemblies, which require static gaging with a discrete 
and special fixturing of the workpiece 16. Such prior assemblies first require the 
specific placing of the workpiece in the gage assembly, then require the measuring 
of the workpiece by the gage assembly, and finally the removal of the workpiece 
from the gage assembly by a takeout assembly. Each of the aforementioned steps 
delays and slows the cycle time for the gauging of a workpiece. In an industry 
where every workpiece is individually gauged to make sure it meets tolerance 
requirements, any decrease in cycle time for the gauging process is a major 
advancement in the production of the parts. 

[0035] While the workpiece 16 is preferably dynamically gaged and 
continuously moved through the gage assembly 10, this should not be interpreted to 
mean that the workpiece 16 is has to be continuously moved through the gage 
assembly 10 or that such movement has to be at a constant rate. While it would 
decrease cycle times and is not necessary, the workpiece 16 could momentarily 
dwell at a specific location while passing through the gage assembly 10. The rate at 
which the workpiece 16 is moved through the gage assembly 10 can also be varied 
so that the rate of movement of the workpiece 16 decreases when it is in contact, or 
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immediately before contact, with the contact 52. To facilitate this type of movement, 
the gage assembly 10 seen in Figures 1 and 2 is provided with a retarder 
mechanism 68 to allow for a varying of the rate at which the workpiece 16 is 
continuously moved through the gate assembly 10. 

[0036] The construction of the retarder 68 is such that initial movement of the 
part handling slide 12, and thus the workpiece 16, is at an uninhibited rate as 
provided by the actuator 14. Upon approaching the contact 52, advancement of the 
part handling slide 12 is slowed or retarded. Upon movement of the workpiece 16 
beyond the contact 52, advancement of the part handling slide and workpiece 16 is 
again increased facilitating discharge of the workpiece 16 from the gage assembly 
10. 

[0037] To facilitate the above, a connecting arm 70 is provided with its distal 
end attached via a pivot 73 to the part handling slide 12 or the structure coupling the 
part handling slide 12 to the connecting rods 32 of the actuator 14. A proximal end 
74 of the connecting arm 70 is pivotally supported at 75 on a pivot block 76. The 
pivot block 76 is in turn rotatably mounted at 77 to a primary pivot arm 78 which is 
further rotatably supported at 79 to the base 48 of the gage assembly 10. Relative 
rotation of the pivot block 76 relative to the primary pivot arm 78 is limited by a stop 
80, provided in the pivot block 76 so as to interferingiy engage the primary pivot arm 
78 and thereby limit rotation of the pivot block 76 relative to the primary pivot arm 78. 
A biasing member 82, such as tension spring or similar structure, is provided 
between the pivot block 76 and the pivot 79, base 48 or other fixed structure. The 
biasing member 82 exerts a biasing force on the pivot block 76 and primary pivot 
arm 78 such that the stop 80 is urged into contact with the primary pivot arm 78, 
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thereby urging the pivot block 76 and primary pivot arm 78 into a biased or initial 
position. 

[0038] Upon initial advancement of the part handling slide 12 by the actuator 
14, the connector arm 70 advances and the pivot block 76 and primary pivot arm 78 
are generally moved in unison, arcuately, but generally in the same direction as the 
part handling slide 12. This movement in unison occurs because of the positioning 
of the pivot 75 (the pivot 75 of the connector arm 70 and the pivot block 76) inside of 
the pivot 77 (the pivot. 77 of the pivot block 76 and primary pivot arm 78), relative to 
a line 83 drawn through the pivot 73 and parallel to the direction of movement of the 
part handling slide 12. During this initial advancement, the proximal end 74 of the 
connecting arm 70 pivots at 75 with respect to the pivot block 76. Before the 
workpiece 16 engages the contact 52, the primary pivot arm 78, via a boss 84, cam 
follower or other structure thereon, engages the plunger 86 of a shock absorber 88. 
The shock absorber 88 is of a common construction and resists depression of the 
plunger 86 into it. This resistance is provided in an amount that is sufficient to 
counter act the force of the actuator 14 and thus retard advancement of the part 
handling slide 12. The counter force of the shock absorber 88 is not, however, 
sufficient so as to completely inhibit and stop advancement of the actuator 14 and 
part handling slide 12. Rather, movement of the part handling slide 12, and 
therefore the workpiece 16, is merely slowed down. This retarded movement of the 
workpiece 16 occurs until the workpiece 16 has cleared the contact 52. At this point, 
the primary pivot arm 78 has been rotated past perpendicular to the linear direction 
of movement of the part handling slide 12. Further advancement of the part 
handling slide 12 causes the pivot 75 to be moved to a point where it is located 
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outside of the pivot 77 between the pivot block 76 and primary pivot arm 78, relative 
to the line 83 drawn through the pivot 73 and parallel to the direction of movement of 
the part handling slide 12. With the pivot 75 in an over center position with respect 
to the pivot 77 and line 83, the pivot block 76 can rotate relative to the primary pivot 
arm 78 allowing the connector arm 70 to advance unencumbered by the shock 
absorber 88. It is noted that the biasing member 82 is sufficiently weak so as to be 
overcome by the force exerted by the actuator 14. As a result, the rate of movement 
of the part handling slide 12 as generated by the actuator 14, and therefore the 
workpiece 16, is increased. 

[0039] With the workpiece 16 ejected from the gage assembly 10, the 
actuator 14 retracts the part handling slide 12 and the retarder 68 resets. Once the 
part handling slide 12 has been retracted beyond the recess 26 of the vee-block 24 
the next workpiece is delivered into the recess 26 and the process of gauging that 
workpiece begins with advancement of the part handling slide 12. 
[0040] As a person skilled in the art will readily appreciate, the above 
description is meant as an illustration of implementation of the principles of this 
invention. This description is not intended to limit the scope or application of this 
invention, particularly since the invention is susceptible to modification, variation and 
change without departing from spirit of this invention, as defined in the following 
claims. 
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